Abstract. The influence of Toll-like receptor (TLR)4/myeloid differentiation factor (MyD)88 signaling on the invasion and metastasis of cancer cells has been previously reported. The purpose of the present study was to determine the role of TLR4/MyD88 in breast cancer cell migration and invasion, and to discover novel therapeutic targets for breast cancer treatment. TLR4, MyD88 and high mobility group box 1 (HMGB1) mRNA expression levels were assessed in highly invasive human MDA-MB-231 breast cancer cells, breast cancer cells with a low rate of invasion (MCF-7) and normal human MDA-Kb2 mammary gland cells by reverse transcription-quantitative polymerase chain reaction. The protein expression levels of these markers were detected by western blotting and immunofluorescence. Randomly selected breast cancer and paracarcinoma tissues were used to measure TLR4 and MyD88 protein expression levels by immunohistochemistry. The mRNA and protein expression levels of TLR4 and MyD88 were significantly higher in MDA-MB-231 cells compared with either MCF-7 cells or MDA-Kb2 cells. The mRNA and protein expression levels of HMGB1 were comparable in the two breast cancer cell lines, with no statistical difference (P>0.05). TLR4 and MyD88 protein expression levels were also significantly higher in breast cancer tissues compared with paracarcinoma tissues (P<0.05). TLR4 and MyD88 protein expression levels were positively correlated with axillary lymph node metastasis and histological grade (P<0.05). TLR4/MyD88 expression levels were positively correlated with the metastasis of breast cancer cells. TLR4/MyD88 may be useful as a novel biomarker to evaluate the prognosis and treatment of patients with breast cancer.
Introduction
Of all gynecological diseases, breast cancer has the highest incidence worldwide (1) . There are a number of causes of breast cancer, including aberrant estrogen receptor signaling (2), genetic and environmental factors (3) (4) (5) and inflammation (6) . However, breast cancer is not as invasive as other gynecological tumors, including cervical and ovarian cancers. There are two types of breast cancer cell lines (MDA-MB-231 and MCF-7) that are frequently used as models of breast cancer progression and which exhibit varying metastatic potential (7) . Multiple different signaling pathways control the metastatic potential of these cells, including those involved in growth and apoptosis (8, 9) , hypoxia-associated gene expression (10) , proteasomal activation and serine/threonine-protein kinase mTOR (mTOR) (11) , protein Wnt5a (12) , phosphatidylinositol 3-kinase (13), nuclear factor-κB (NF-κB) (14) and nuclear factor erythroid 2-related factor 2 signaling (15) . These pathways may also contribute to resistance against first-line endocrine therapy (16) .
Toll-like receptors (TLRs) are ancient microbial pattern recognition receptors that are highly conserved from Drosophila to humans. TLR4 activates myeloid differentiation factor 88 (MyD88) upon receiving tumor antigen information and promotes the resting state of NF-κB nuclear translocation, finally activating gene transcription (17) . By contrast, TLR4 may also allow tumor cells to escape host immune surveillance through the MyD88 signaling pathway. Li et al (18) identified that high expression levels of TLR4 and MyD88 were associated with poor overall survival rates in patients with epithelial ovarian cancer (EOC). Inhibition of TLR4/MyD88 signaling may therefore be a useful tool in promoting DNA repair and maintaining immune responses following ultraviolet radiation-induced damage, which contributes to the development of nonmelanoma skin cancer (19) . High levels of MyD88 are also associated with reduced survival rates of patients with EOC (20) . Atractylenolide-I, a novel TLR4-antagonist, inhibits lymphocyte antigen 96 (MD-2)-mediated TLR4/MyD88 signaling, making it a potential therapy for patients with EOC (21 E2 and TLR/MyD88 signaling pathways in gastric cancer cells suppresses inflammation and maintains stemness (22) . High mobility group box 1 (HMGBl), an endogenous ligand for TLR4, has attracted much attention in recent years. HMGB1 is an abundant non-histone nuclear transcription factor and is involved in the growth and metastasis of prostate (23), colorectal (24) , gastric (25) , liver (26) and lung (27) tumors. TLR4 acts as a transmembrane receptor that is able to activate MyD88-dependent signaling in response to the binding of HMGB1. HMGB1-mediated TLR4/MyD88 signaling has been implicated in the invasion and metastasis of a number of different cancer cell types (18, 19) . However, the role of TLR4/MyD88 in human breast cancer progression has not been well characterized.
A previous study identified that the mRNA expression levels of TLR4 and MYD88 were significantly higher in breast cancer cells compared with fibroadenoma cells and adjacent normal tissues; high protein expression levels of TLR4 and MyD88 were also associated with poor clinical prognosis (28) . The current study aimed to examine the mechanisms underlying cancer cell invasion mediated by TLR4 and MyD88. MDA-MB-231 and MCF-7 represent human breast cell lines with varying metastatic and invasive potential. Generally, MCF-7 cells are non-invasive, while MDA-MB-231 cells are highly invasive (29) and used to examine the mechanisms of breast cancer metastasis (30) . The present study used these two cellular models of invasion to examine the association between TLR4, MyD88 and HMGB1 expression levels and metastatic potential.
Materials and methods
Cell culture. MCF-7 and MDA-MB-231 cells were purchased from the cell bank of the Chinese Academy of Sciences (Shanghai, China). MDA-Kb2 cells were purchased from Shanghai Composite Biology Co., Ltd (http://www.xiangbio .com/; Shanghai, China). Normal human breast tissues were donated by the First Affiliated Hospital of Fujian Medical University (Fujian, China). Additional instruments and reagents used are in Table I. MDA-MB-231 and MDA-Kb2 cells were cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.) and MCF-7 cells were cultured in DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) containing 0.01 mg/ml bovine insulin and 10% FBS. All cells were cultured in a humidified incubator with 5% CO 2 at 37˚C.
Immunofluorescence. Cells were fixed with 4% paraformaldehyde at room temperature for 30 min, permeabilized with 0.05% Triton X-100 and blocked with 1% bovine serum albumin (Invitrogen; Thermo Fisher Scientific, Inc.) for 30 (19) .
Cancer and control tissues were used for HMGB1, TLR4 and Myd88 protein detection. Antibodies used for immunohistochemical staining included anti-HMGB1 (cat. no. ab18256; 1:50; Abcam), anti-TLR4 (cat. no. ab22048; 1:50; Abcam) and anti-MyD88 (cat. no. 9284; 1:50; Cell Signaling Technology, Inc.). Briefly, tissue slides were deparaffinized in xylene and rehydrated with an ethanol gradient, consisting of 5-minute washes using absolute 95, 80 and 70% ethanol. Then the sections were subjected to antigen retrieval by boiling in 0.01 mol/l sodium citrate buffer (pH 6.0) in a microwave oven for 10 min. Following blocking of endogenous peroxidase activity with 0.3% hydrogen peroxide and blocking nonspecific protein binding with 1.5% normal goat serum (Thermo Fisher Scientific, Inc.) at room temperature for 1 h the sections were incubated overnight with primary antibodies at 4°C in a humidified chamber. The sections were subsequently incubated with biotinylated goat anti-mouse IgG (cat. no. ab64255; Abcam) for 30 min at 37˚C and proteins were detected with 3,3'-diaminobenzidine. To evaluate the presence or absence of lung metastasis, the lung tissues were serially cut into 5-µm slices and every 10th section was stained with hematoxylin for 10 min, rinsed with running water, differentiated with hydrochloric acid and then stained with eosin for 5 min at room temperature The number of metastases in the lungs was calculated by two independent pathologists.
RNA isolation and reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was isolated from cells using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Total RNA (2 mg) was reverse transcribed to cDNA with PrimeScript™ 1st Strand cDNA Synthesis kit (Takara Biotechnology Co., Ltd., Dalian, China) and RT-PCR was carried out with TaKaRa Ex Taq ® (Takara Biotechnology Co., Ltd.). RT-PCR was performed according to the following conditions: Pre-denaturation at 95˚C for 5 min, followed by 35 cycles of 95˚C for 1 min, 60˚C for 45 sec and 72˚C for 45 sec, and a final extension at 72˚C for 10 min. The primers for RT-PCR were as follows: TLR4 forward (F), 5'-AAT GGA TCA AGG ACC AGA GG-3' and reverse (R), 5'-CAG CCA GCA AGA AGC ATC AG-3'; MYD88 F, 5'-CGC CGG ATG GTG GTG GTT GT-3' and R, 5'-TGT AGT CGC AGA CAG TGA TGA ACC-3'; HMGB1 F, 5'-AAT ACG AAA AGG ATA TTG CT-3' and R, 5'-GCG CTA GAA CCA ACT TAT-3'; and GAPDH F, 5'-ATC TGG CAC CAC ACC TTC TAC AAT GAG CTG CG-3' and R, 5'-CGT CAT CCC TGC TTG CTG ATC CAC ATC TGC-3' . The relative mRNA expression of target genes was normalized to GAPDH with the method of 2 -ΔΔCq (32) .
Western blot analysis. Whole cell lysates were prepared using radioimmunoprecipitation assay buffer [1% Triton X-100, 150 mmol/l NaCl, 1 mmol/l EGTA, 50 mmol/l Tris-HCl, 0.1% sodium dodecyl sulfate (SDS), 1% sodium deoxycholate and phenylmethylsuphonyl fluoride; Cell Signaling Technology, Inc.] and western blotting was performed as previously described (33) . Statistical analysis. Data derived from at least three separate and independent experiments were expressed as the mean ± standard deviation. Statistical differences of different groups were performed with SPSS version 19.0 (IBM Corp., Armonk, NY, USA). χ 2 tests and the Fisher exact probability method were used to compare the differences between expression levels of HGBM1, TLR4 and MyD88 in each group, and the association between their expression levels and the clinicopathological features of breast cancer. A one-way analysis of variance with Dunnett's post-hoc analysis was used for comparisons between multiple groups. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression levels of TLR4, MYD88 and HMGB1 vary according to metastatic potential in breast cancer cells.
It was identified that TLR4, MYD88 and HMGB1 were expressed Table I . Expression of TLR4, MyD88 and HMGB1 in breast cancer and cancer-adjacent tissues.
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No. of specimens to a marked extent in MDA-MB-231, MCF-7 and MDA-Kb2 cells. The respective expression levels of TLR4 and MYD88 in MDA-MB-231 cells were 10.43 and 2.09 times higher compared with those in MCF-7 cells (P<0.05; Fig. 1 ). No significant differences were observed between the expression levels of either TLR4 or MYD88 in MCF-7 and MDA-Kb2 cells. TLR4 protein expression in MDA-MB-231 cells was 2.6 times higher compared with MCF-7 cells and 2.4 times higher compared with MDA-Kb2 cells. The protein expression levels of MYD88 in MDA-MB-231 cells were 1.6 times higher compared with MCF-7 cells and 1.8 times higher compared with MDA-Kb2 cells (P<0.05; Fig. 1 ). HMGB1 was also expressed in these three cell lines (Fig. 1) .
The average fluorescence intensity of TLR4 protein expression in MDA-MB-231 cells was 0.14 and 0.08 in MCF-7 cells (P<0.01; Fig. 2 ). There were no significant differences between the intensities in MCF-7 and MDA-Kb2 cells (P>0.05). MyD88 protein was primarily expressed in the cytoplasm of all three cell types. The average fluorescence intensity of MyD88 in MDA-MB-231 and MCF-7 cells was 0.136 and 0.05, respectively (P<0.01; Fig. 3 ), while there was no significant difference between the levels in MCF-7 and MDA-Kb2 cells (P>0.05). These results suggested that an association may exist between TLR4 and MyD88 and the invasive potential of breast cancer cells.
Expression of TLR4 and MyD88 correlates with the metastatic potential of tumors from patients with breast cancer.
To examine the association between TLR4/MyD88 signaling and breast cancer progression, breast tumors were collected from patients and used to detect the protein expression levels of TLR4 and MyD88. Randomly selected cancer-adjacent tissues were used as controls. It was identified that TLR4 was primarily localized to the plasma membrane as fine brown granules (Fig. 4) . Expression of TLR4 was identified in 46% (46/100 cases) of breast tumors and 20% (4/20 cases) of cancer-adjacent tissues (P<0.001; Table I ). MyD88 was primarily localized to the cytoplasm as brownish yellow granules (Fig. 4) . Expression of MyD88 was identified in 41% (41/100 cases) of breast tumors and 25% (5/20 cases) of cancer-adjacent tissues (P<0.001; Table I ). These results were consistent with the expression patterns of TLR4 and MyD88 in vitro.
TLR4, MyD88 and HMGB1 protein expression is associated with poor prognosis in patients with breast cancer.
To determine whether there was a correlation between the expression levels of TLR4, MyD88 and HMGB1 and breast cancer invasion, clinical and pathological data were collected from the 100 cases of breast cancer used in the expression analysis. It was identified that the expression rates of TLR4 in patients with or without axillary lymph node metastasis were 68.8 and 55% (P<0.05), respectively. TLR4 expression rates for samples from patients with Stage I/II or Stage III disease were 33.8 and 71.9% (P<0.001; Table II), respectively. The expression rates of MyD88 in samples with or without axillary lymph nodes metastasis were 59 and 25.6% (P<0.05), respectively. MyD88 expression rates in samples from patients with Stage I/II or Stage III disease were 44.1 and 65.6%, respectively (P<0.05; Table III ). The expression rates of HMGB1 in samples with or without axillary lymph node metastasis were 63.9 and 41% (P<0.05), respectively. For samples from patients with Stage I/II or Stage III disease, the rates were 41.2 and 68.7%, respectively (P<0.05; Table IV ). 
TLR4 ---------------Characteristics
No. 
MyD88 ----------------Characteristics
No. MyD88, myeloid differentiation factor 88. Table IV . HMGB1 expression and the corresponding breast cancer clinical pathological features.
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Discussion
Breast cancer is one of the most common cancer types in women and is the second most common among all cancer types worldwide. Targeted medicine has become more widespread, as it improves the diagnosis, prognosis and treatment of patients with breast cancer (31). More effective molecular targets of carcinogenesis and metastasis in breast cancer are being identified every year, including erb-b2 receptor tyrosine kinase 2 (34), X-C motif chemokine receptor 1 (35) and the mTOR effectors ribosomal protein S6 kinases B1 and 2, and eukaryotic translation initiation factor 4E-binding protein 1 (36) .
TLR4/MyD88 signaling occurs primarily during inflammation (37) , and activation of the TLR4 complex may control the pathophysiology of a number of human diseases, including cardiovascular disorders, diabetes, metabolic syndrome, autoimmune disorders, neuroinflammatory disorders, autism and chronic fatigue syndrome (38) . Repressing TLR4/MyD88 signaling decreases cell viability, activates apoptosis and increases the levels of inflammatory factors following Bacillus Calmette-Guerin infection in macrophages (39) . Furthermore, ochratoxin DefiA induces immune-associated toxicity via reactive oxygen species-mediated TLR4/MyD88 signaling in porcine alveolar macrophages (40) , and curcumin (41) and irisin (42) exert their biological functions by inhibiting TLR4/MyD88/NF-κB signaling. The tumor-associated inflammatory microenvironment may serve a pivotal role in the progression and prognosis of a number of cancer types, including ovarian, rectal and prostate cancer (43) . Methicillin-resistant Staphylococcus aureus infection may enhance non-small cell lung cancer metastasis by upregulating TLR4 signaling (44) , and polysaccharopeptide exerts immunomodulatory effects through TLR4-TIRAP/MAL-MyD88 signaling in peripheral blood mononuclear cells from patients with breast cancer (45) .
Cellular invasion is a common characteristic of malignant tumors. Tumor invasiveness is frequently accompanied by the overexpression and activation of oncogenes, or the loss of tumor suppressors. The estrogen receptor-positive human breast cancer cell line MCF-7, which has a low metastatic potential, is the most common cellular model of breast cancer. By contrast, MDA-MB-231, which is estrogen receptor-negative, has a high rate of invasion and spontaneous metastasis. The results of the present study demonstrated that HMGB1, TLR4 and MyD88 were expressed in MCF-7, MDA-MB-231 and MDA-Kb2 cells. It was identified that the protein and mRNA expression levels of TLR4 and MyD88 were significantly higher in MDA-MB-231 cells compared with MCF-7 cells. These results demonstrated a positive association between TLR4/MyD88 expression and invasive potential, which is consistent with the results of other studies performed on colorectal and ovarian cancer (18, 46) . However, the levels of HMGB1, the ligand of TLR4, demonstrated no statistical differences between cell lines, suggesting that the expression of the TLR4 receptor, and not its ligand, is the key regulatory factor that determines invasiveness.
To further examine the association between the TLR4/MyD88 pathway and breast cancer progression, the expression levels of TLR4 and MyD88 in breast tumors from patients with various stages of disease were assessed. The results demonstrated that the expression levels of TLR4 and MyD88 were significantly increased in breast tumors compared with normal breast tissue. These levels were positively correlated with axillary lymph node metastasis and histological grade. This observation confirmed the association between the TLR4/MyD88 pathway and breast cancer and may provide a novel potential biomarker and therapeutic target to aid in the prognosis and treatment of patients with this type of cancer.
In conclusion, the expression levels of TLR4/MyD88 were positively correlated with the metastatic potential of breast cancer cells and tumors. The expression levels of TLR4/MyD88 may be used as a biomarker to evaluate the prognosis and guide the treatment of patients with breast cancer. assisted cell culture and data sorting; FZ performed MCF-7 and MDA-MB-231 cell culture and data sorting; LFY constructed and identified TLR-siRNA plasmid and transfected cells; and XJC supervised the project and determined the breast cancer clinical pathological features. 
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